Abstract: Intramolecular cyclization of 3-propargylmercapto-1,2,4-triazole derivatives (2) to their corresponding 6-methyl thiazolo[3,2-b][1,2,4]triazoles (3) was affected in the presence of nano catalyst, Fe(HSO 4 ) 3 /TiO 2 as solid acid in high yields.
Introduction
Thiazolo [3,2-b] [1, 2, 4] triazoles are interesting compounds from the view point of chemical reactivity [1] [2] [3] [4] [5] and biological activity. Antibacterial 6, 7 , anti-inflammatory 8 , antiviral 9, 10 , antitumor 11, 12 and antifungal 13 activities of these compounds have encouraged the researchers over the years to look for milder and high yielding synthetic approaches.
Thiazolo [3,2-b] [1,2,4]triazoles (3) were first synthesized by Potts and Hussain 14 via the reaction of 5-alkyle-3-mercapto-1,2,4-triazoles (1) with chloroacetone and subsequent dehydration of the corresponding ketone in the presence of POCl 3 . In 1978, Srinvasan and co-workers reported the synthesis of 5-alkyl-3-propargylmercapto-1,2,4-triazole (2) in moderate yields, through the reaction of 1 with propargyl bromide, in the presence of sodium acetate. Further annulation of 2 to thiazolo [3,2-b] [1, 2, 4] triazoles has been also reported under mercury(II) acetate catalysis in poor to moderate yields 15 .
Regioselective cyclization of 3-propargylmercapto-1,2,4-triazoles to their corresponding thiazolo [3,2-b] [1, 2, 4] triazoles in the presence of sodium hydroxide has been reported 16 . We have recently described the use of Pd-salt for catalyzed intramolecular cyclization and functionalization of acetylenes 17 and also we have used heteroployacids (HPA) to obtain triazolo thiadiazin and triazino thiadiazines 18 .
RESEARCH ARTICLE
There have been much attention towards the application of heterogeneous catalysts in organic synthesis and this subject has been reviewed 19 . Among the many solid acid catalysts ferric hydrogen sulfate has emerged as a promising solid acid catalyst for acid catalyzed reactions, such as Friedel-Crafts acylation 20 , Schmidt reaction 21 and functional group protections 22, 23 in homogenous and heterogeneous systems. For several years TiO 2 -supported catalysts have attracted attention due to the possibility of obtaining highly active materials [24] [25] [26] . Along this line with these findings and due to our interest in catalyzed intramolecular cyclization and functionalization of acetylenes 17 we have examined the efficiency of nanostructure Fe(HSO 4 ) 3 /TiO 2 as a heterogeneous catalyst for intramolecular cyclization of 3-propargylmercapto-1,2,4-triazoles 2 to obtain thiazolo [3,2- 
Preparation of 5-alkyle-3-propargylmercapto-1,2,4-triazoles (2)
An appropriate 5-alkyle-3-mercapto-1,2,4-triazole (5 mmol) and sodium methoxide (5 mmol) was dissolved in methanol (50 mL) to which was added propargyl bromide (5 mmol) drop wise. This mixture was stirred for 30 min. After evaporation of solvent and pouring the residue into crushed ice, the solid that separated was filtered and crystallized from a suitable solvent. 1 
Preparation of thiazolo[3,2-b][1,2,4]triazoles derivatives (3)
A mixture of derivative 2 (1 mmol) and appropriate nano-catalyst Fe(HSO 4 ) 3 /TiO 2 (0.15 mmol) in acetic acid (10 mL) was refluxed for 2-2.5 hours. The progress of the reaction was monitored by TLC using hexane/ethylacetat (3/2). The catalyst was removed by filtering and washed with warmed acetic acid (the catalyst is not soluble in acetic acid).
The catalyst was washed with chloroform after filtration. The filtrate was cooled and the solid was collected by filtration, washed with water, dried and recrystallized from ethanol to give pure product 3 to excellent yields ( 
Results and Discussion
To prepare 5-alkyl-3-propargylmercapto-1,2,4-triazole 2, 5-alkyle-3-mercapto-1,2,4-tri azole (1) was condensed with propargyl bromide in the presence of sodium methoxide to afford the corresponding derivative 2 (Scheme 1). Scheme 1. Condensation of 5-alkyl-3-mercapto-1,2,4-triazoles with propargyl bromide Yields of the condensation are shown in Table 1 . Ferric hydrogen sulfate is an acidic salt and probably can be used in cyclization of 5-alkyl-3-propargyl mercapto-1,2,4-triazole (2) as an effective catalyst. For this, compound 2 was refluxed in the presence of ferric hydrogen sulfate alone to obtain 6-methylthiazolo[3,2-b] [1,2,4]triazoles (3) for 24 hours, but the results were disappointed. Poor yield products from this reaction were separated by column chromatography. Obtained yields from this method are shown in Table 2 . Nano metal oxides such as TiO 2 duo to high surface area can lead to more effective molecular contacts. In order to achieve higher yield of products, we prepared Fe(HSO 4 ) 3 /TiO 2 through dispersion of acidic salt of iron III and nano titanium dioxide by ultrasonic process for 2 hours in ethanol. Then the mixture was filtered and dried at 100 o C.
The advantages of Fe(HSO 4 ) 3 /TiO 2 rather to other catalysts in previous researches are to be cheap, simple preparation. We also expected that because of high surface area of nano Fe(HSO 4 ) 3 /TiO 2 , the reaction can be completed by just a little amount of catalyst. In addition, separation and purification of product is simple. Therefore we decided to use nanostructure Fe(HSO 4 ) 3 /TiO 2 for intramolecular cyclization of 5-alkyl-3-propargyl mercapto-1,2,4-triazole (2).
Compound 2 was refluxed in the presence of Fe(HSO 4 ) 3 /TiO 2 to obtain 6-methyl thiazolo [3,2-b] [1,2,4]triazoles 3 in acetic acid for about 2-2.5 hours, yields were excellent. Use of this nano-catalyst gave cleaner products and higher yields over a short time (Scheme 2). Scheme 2. Cyclization of 5-alkyl-3-propargylmercapto-1,2,4-triazoles in the presence of Fe(HSO 4 ) 3 /TiO 2 The reaction was monitored by TLC and the work up was the same as mentioned in the experimental section. Nano-catalysts were separated by filtration and the products were purified by recrystalizing from ethanol. The yields are shown in Table 3 . The products were identified by 1 H NMR, IR spectroscopy and melting points were compared to those reported before 16 . In 1 H NMR spectrum of these compounds the methyl protons belong to 1,3-thiazole moiety and vinyl proton were appeared at 2.6-2.7 δ and 6.4-6.5 δ, which confirmed the structure. Generally reactions catalyzed by ferric hydrogen sulfate may be represented by the conventional mechanisms of bronsted acid catalysis. The mechanism may include the protonation of substrate by conversion of the ionic intermediate to yield the reaction product [27] [28] [29] . Finally, the catalytic activity of the re-covered catalyst, ferric hydrogen sulfate supported on TiO 2 , was examined and the same catalytic activity of fresh Fe(HSO 4 ) 3 /TiO 2 was observed. In fact, one of the special advantages of the nano-catalyst is its insolubility in organic solvents which makes its recovery very convenient. Next, we investigated the reusability and recycling of catalyst. The best result was obtained, by using 5-alkyl-3-propargylmercapto-1,2,4-triazole (1 mmol) and Fe(HSO 4 ) 3 /TiO 2 (0.15 mmol), including 0.015 mmol Fe(HSO 4 ) 3 refluxed in acetic acid. After completing the reaction, the catalyst was separated by simple filtration and air-dried. According to above, the reaction was completely carried out by using of 1.5mol% Fe(HSO 4 ) 3 supporting on nano-TiO 2 . Re-covered catalyst was reused in subsequent reactions without significant decrease in activity even after five runs. In the IR spectrum of co-catalyst, S=O, S-O and O-H bands were appeared at ν=1637, ν=1079 and ν = 3421 cm -1 , respectively, which are related to HSO 4 − . According to above, it can be concluded that ferric hydrogen sulfate has been supported on the surface of nano TiO 2 particles. Although ferric hydrogen sulfate is the catalyst of choice, it seems likely that titanium dioxide is an essential co-catalyst.
Catalyst characterization

Conclusion
As presented, this methodology offers significant improvements with regard to yield of products, simplicity in operation and green aspects by avoiding toxic catalysts and solvents. The cyclization of 3-propargylmercapto-1,2,4-triazoles was completely carried out by using of 1.5mol% Fe(HSO 4 ) 3 supporting on nano-TiO 2 over a short time. Re-covered catalyst was reused in subsequent reactions without significant decrease in activity even after five runs.
